Anxiolytic and antidepressant effects of smoking are often described by cigarette smokers. Despite the strongly held popular belief that cigarette smoking can reduce negative affect, there are reports, such as that by Boden and colleagues in this issue, 1 suggesting that the association is in the opposite direction, namely that smoking leads to depression. Whatever the causal direction of this association, the mechanisms which account for this high comorbidity between cigarette smoking (and tobacco use in general) and mood disorders such as major depression are not well understood. Depression may cause people to smoke (perhaps to self-medicate their symptoms), or smoking may cause increased risk of depression (via alterations in neurotransmitter pathways following chronic exposure). The relationship may even be bidirectional (acute or infrequent tobacco use may reduce negative affect, but chronic use may exacerbate it), or be caused by shared risk factors (possibly genetic) so that the relationship is not causal at all.
Does smoking cause depression?
Although evidence for a shared genetic liability for smoking and depression has been reported, 2 there is growing evidence that much of the observed comorbidity may be explained by a causal effect of cigarette smoking on risk of depression. 3 Boden and colleagues report further evidence in support of this explanation, using sophisticated statistical models and longitudinal data collected on adolescents and young adults. They conclude that their data are consistent with a causal model whereby cigarette smoking increases the risk of depressive symptoms. 1 The use of depressive symptoms rather than diagnoses by Boden and colleagues is puzzling, given that the Composite International Diagnostic Interview (CIDI) was an instrument designed primarily to establish diagnoses. However, the authors also conducted additional testing using an ordinal variable that included three 'diagnostic' categories, reaching the same conclusions. Depressive symptoms are not the same as clinical depression, but a dimensional measure of these symptoms may offer added advantages, such as increased statistical power to test possible associations, and still represents a valid measure of negative affectivity. The choice of dependence symptoms as a measure of smoking behaviour is unusual -the number of cigarettes smoked per day might be a better indicator of exposure. Nevertheless, dependence and cigarette consumption are highly correlated, and similar effects were observed for analyses using number of cigarettes smoked per day.
The paradox
We are left with the paradox that empirical evidence suggests that smoking may cause depression, but smokers tell us that they smoke to reduce negative affect. An explanation for this paradox may come from the short half-life of nicotine and the speed with which withdrawal symptoms appear in heavy smokers who have not smoked for a few hours. Part of the withdrawal syndrome associated with acute abstinence from tobacco is increased anxiety and negative affect. Smoking will ameliorate these withdrawal symptoms. Therefore, the initial subjective experience will be one of negative affect (which will probably not be ascribed to acute withdrawal), which is subsequently reduced by smoking. It may feel like smoking reduces negative affect, but negative affect is elevated because the individual experiences the first effects of acute nicotine withdrawal. This is supported by evidence that, once the withdrawal syndrome (which typically lasts a few weeks into a cessation attempt) has ended, mood improves to a point above that experienced when the individual was smoking. 4
Future directions
Ultimately, however, observational data can never unequivocally provide evidence of causation, and experimental studies are not possible for ethical reasons. What else can be done to resolve the question of direction of causation? One possible answer lies in the application of the principle of Mendelian randomisation, 5 whereby genetic information can be used to test causal hypotheses regarding the effects of environmental exposures such as cigarette smoking. This requires specific polymorphisms that have been 425
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Therefore, a robust genetic influence on cigarette smoking would be akin to a randomised trial where individuals are effectively assigned to a high-or low-smoking exposure group, and could be used to test the causal relationship between smoking and depression. Although the search for the genetic antecedents of smoking behaviour has enjoyed mixed success, a small number of loci have recently emerged which appear to be convincingly associated with cigarette smoking. These include CYP2A6, which encodes the enzyme primarily responsible for the metabolism of nicotine and includes null and reduced-activity variants associated with fewer cigarettes smoked per day, 6 and the CHRNA5-A3-B4 gene cluster, which encodes the alpha-3, alpha-5 and beta-4 nicotinic receptor subunits and has been associated with nicotine dependence and smoking quantity. 7 Both of these might, in principle, be used to address questions of causation regarding the effects of cigarette smoking. Some caution will be required, however; these variants should also be unlikely to be associated with other potential confounders (e.g. alcohol use) or the outcome of interest (i.e. depression) if they are to be used in this way. In other words, the genotype must only influence the outcome via effects on the exposure of interest. The CHRNA5 gene has been reported to be associated with cocaine use 8 and alcohol dependence. 9 Pleiotropic effects such as these are likely to be the principal limitation of the application of Mendelian randomisation to psychiatric outcomes, particularly when the genes of interest are expressed in brain.
Finally, it is worth noting that much of the recent debate around the legal status of cannabis has focused on the risks of psychiatric illness associated with prolonged use. Similarly, perhaps an underrecognised harm associated with chronic use of tobacco is an increased risk of psychiatric illness (although in this case depression rather than psychotic illness). Strong evidence that this is the case will augment existing public health messages on the risks of tobacco use, and contribute to the important and ongoing debate on the relative harms associated with the use of different psychoactive substances.
